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FOREWORD

This report supplements the report "Summary of SHERWOOD Activities," dated 15 August
1962 and contains current information relating to research, fabrication and experimentation In
controlled thermonuclear reactions. The Supplement therefore should be used in conjunction
with the 15 August 1962 publication.

The Supplement updates research in progre.ss and experimental devices used, at the four
Atomic Energy Commission laboratories principally involved in SHERWOOD'and at various other
research facilities. ,Material Included has been obtained primarily from laboratory publications
and from visits to the experimental facilities. The report has not been reviewed by the
laboratories,

A new complete summary is scheduled for publication in August 1963.

This supplemental report was prepared by the members of thp Research Division, Field
Command, Defense Atomic Support Agency.

FOR THE COMMANDER:

LO1MPFLA .NR )e
Colonel USA
Director, Research Division
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SECTION III

EXPERIMENTAL DEVICES AND RESEARCH AT THE LOS ALAMOS SCIENTIFIC LABORATORY

NOTE: The major sections of this supplementary report are arranged in the same
sequence used in the 15 August 1962 report, with the numbering of the major
sections corresponding to the numbering used therein. In cases where no new
information is available, the section and the number are omitted. To differentiate
between diagram numbers used in the 15 August Summary and in this Suplement, the
suffix S is used herein.

3-2'.5 FAST COAXIAL GUN EXPERIMENT. The experimental arrangement is shown in Figure
1-S. The geometry and parameters are similar to those of FILIPE except that no attempt was
made to pinch the gun plasma output. The gun generated plasnma was diagnosed with (1) B field
momentum analyzer employing a Faraday cup to collect axial component ions, (2) a D2 0 ice
target to measure transverse component ions, and (3) magnetic probes to measure ions along
the gun barrel.

3-2.5.1 OPERATION. Operation was performed in the high pressure and low pressure modes.
The high pressure mode is characterized by the admittance of large amounts of D2 gas through
the inner electrode ports before capacitor discharge resulting in a low energy plasma. The low
pressure mode is characterized by the admittance of small amounts of gas through the ports
resulting in high energy ions - up to 270 Key (average - 240 Key). The mechanism by which ions
are accelerated to energies about ten times the applied voltage is not fully understood. Results
described below apply to the low pressure, high energy mode.

3-2.5.2 RESULTS. Two groups of deuterons are observed during each discharge. One group
(- 1011 total ions) is emitted from a central region immediately in front of the center electrode
and is measured by projecting the beam through defining slits into an ion deflecting magnetic
field. The energy spread is between 12 and 270 Key. Particle density of these axial deuterons
is - 108 ions cm" 3 . Momentum measurements indicated that slow ions arriving at the analyzer

ahead of the fast ions must be born some 30 cm down the tube with the fast ions being created at
the face of the inner electrode. The other group of deuterons consisting of about 10 6 ions per
burst lie in the 100 Key range. This group diverges into the walls of the drift chamber. The
high resolution cross-section of deuterium ice (D20) was utilized to show that the nominal shape
is a diverging hollow cone of ions. The divergence can be reduced by an axial magnetic field
and influenced by a longer outer electrode. The bulk of the fast ions appear to follow a curved
trajectory from the muzzle into the drift tube. The curvature can be explained by a space
charge expansion of the beam or by bending of the ions in the B field of a current (- 300 A) flowing
along the center electrode. Particle density is - 1010 /cm 3 .

3-2.5.3 THE ACCELERATION MECHANISM. It is believed that the high energy particles
result from a rapid current drop which builds up the E field component. E x B forces then
accelerate the ions to very high velocities. As the discharge begins, current begins to flow
along the outer surfaces of the gas. As ionization proceeds, current builds up and is
accompanied by a magnetic field which tends to impede the flow of ions (pinch mechanism). This
process continues until all the gas is ionized at which time the flow of ions is suddenly pinched
off and the current drops sharply and causes a build up of the electric field. This instability
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pinch occurs when only - 10 percent of available capacitor energy has been used. Efforts to use
larger quantities of gas result in a faster current breakdown which perhaps explains the lower
energy particles produced in the high pressure mode.

3-2.5.4 PLANS. Planned experimentation indicates (I) a study of plasma behavior using a longer
inner electrode, (2) extensive magnetic probe measurements, (3) use of a D2 0 detector along the
surface of the inner electrode to determine neutron distribution, and (4) use rf a camera to
photograph the discharge. ( ,s •

3-4.4 SCYLLA III PREIONIZER. The preionizer installed on SCYLLA III was put into operation
and produced a clean plasma with deuteron ion energies up to 800 ev (previous energy 500 ev).
It was determined that electron energies are not a function of the trapped magnetic field strength.

3-4.5 SCYLLA IV. Construction of this device (Figure 2-S) is complete; it is designed to
confine hot (5 Key), dense (1018 cm" 3) plasma for 50 1& sec in magnetic fields up to 250 K gauss.
Initial experimentation will be conducted with a mirror ratio of 1. The circuit consists of four
banks of capacitors; the preionizer bank (PI), the primary bank (PB), the bias field bank (B0 ),
and the secondary bank (SB; ZEUS Bank). Energy delivered to the coil will be -3.5 megajoules.
A massive coil clamp (2 tons) was installed over the coil and collector plate taper sections to
hold this portion of the device together. The collector plates are 15 feet long, 15 feet wide,
3 inches thick and are held together by 140, 4000 pound tensile strength bolts.

3-4.5.1 OPERATIONAL CONCEPT. The slow B0 field will be applied; ionization is achieved
before application of the PB and SB banks by superimposing the sharp, short duration PI bank
discharge on the BO field. Applying the fast PI bank reverses the magnetic field and initiates the
theta pinch. The process is completed when the large slow ZEUS bank is discharged into the
coil. A difficulty presently being experienced is in the perfection of a switch which will accept the
SB bank after discharge of the PB bank.

3-4.5.2 OPERATION. The preionizer and B0 banks are in operation. Emphasis is placed on the
production of a clean plasma by the PI bank. As a result, impurities and electron temperature
are being studied as functions of (1) pressure of the deuterium, (2) energy storage of the PI btnk,
and (3) the BO field. Diagnostics include the use of a monochrornator to look at the Baliker series
edge near the continuum and a spectrograph which can look at impurities down to X 200 A.

3-4.5.3 PLANS. The primary bank is expected to be in operation by March 1963. Interest then
will be in stability of the plasma in the coil; e.g., has the increased length of the coil increased
the stability? Experiments already performed on SCYLLA III probably will be repeated on
SCYLLA IV.

3-5.5 RESULTS OF ZEEMAN EXPERIMEIJT. Measurements were made by appjying a direct
current and using the Neon line at -), 2200 A and the Carbon I (C-m) at X 2296 A. The C-HI
line served as cold (17-18 ev) calibration line during the first half-cycle of the driving magnetic
field. The C-V ( 2271 A) line appears (ionization at -300 ev) just before peak compression and
disappears as the plasma temperature rises in the second half-cycle. The C-V data obtained
during second half-cycle was scaled to the first-half cycle C-1I data (B field known) at a time
when the external and plasma fields are equal. Hence the B field can be measured utilizing the
ZEBMAN effect. Results indicate that a 0 to 10 K gauss field exists in the fireball before peak

3
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Bank Capacity (t~f) Potential (Ky) Energy (KJ) T /4 (IL s) B (K gauss)
PI 12 40 9.6 0.9 11
B0  5,600 10 280.0 52.0 12
PB 432 50 540.0 3.6 110
SB 15,000 20 3,000.0 25.0 250

Figure 2-S. SCYLLA IV Coil With Schemnatic Circuit Added
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compression. The lower limit for P is 0.9. Work is continuing with the B-IV and O-V lines
(near ) 2800 A) to verify the results obtained using the C-V line.

3-5.5.1 EXTERNAL PROBE MEASUREMENT. A small external magnetic probe placed inside
the coil, but outside the ceramic discharge tube, has been used to measure the magnetic fieldS~inside the SeCYLLA I plasma, Figure 3-S.

3-5.5.1.1 MEASUREMENT TECHNIQUE. When a diamagnetic plasma exists, lines of magnetic
field excluded from the plasma are compressed into the space between the plasma and the

conducting coil, increasing the flux threading the external coil compared to that in the vacuum
by approximately the inverse ratio of the areas available to the flux inside and outside the

vacuum. The probe is connected in series with a compensating loop which detects the magnetic
field outside the SCYLLA I coil and is adjusted so that the rate of flux change is equal and
opposite in the absence of a plasma. When a plasma is present the net difference signal ( A)
is measured.

3-5.5.1.2 RESULTS. The external magnetic field rises to 55 K gauss in 1.25 I. sec and
produces a hot deuterium plasma with a density of 5 x 1016 /cm 3 which emits neutrons and soft
x-rays for about 0.8 R sec at the maximum of the second half-cycle of the driving magnetic field.
Previous measurements with probes immersed in the fireball show that the magnetic field is

excluded from the plasma (diamagnetic; P = 1) early in the first half -cycleand that it breaks into
the plasma near its peak. It was believed that cold impurities from the immersed probe cooled
the plasma and caused the external field breakthrough. The external field probe technique
which does not perturb the plasma phows definitely that the magnetic field br akthrough occurs
because of the presence of the immersed probe.

3-5.5.2 SCYLLA I X-RAY EXPERIMENTS. X-ray work is continuing with a potassium acid
phthalate (KAP) crystal Bragg spectrometer for studying x-rays in the 15 to 25 A region.
Measurements of the continuum spectrum were unsuccessful. Measurement of the second

crystal lattice spacing of KAP at "26 A (compared to previous crystal spacing of - 16 A)
extended spectrum measurements to include the entire 0-VIII Lyman Series as well as the O-VII.
Good Doppler broadening data were obtained for the C-V line and previously collected Ne-IX
line data have been rechecked and found to confirm the results. Since line broadening is
expected to be due entirely to Doppler effect, the line width can be reduced to an apparent ion
temperature. (P = i = 3nkT (81r)/B 2), in this case 9.3 +± 2.8 Key for both O-VII and O-VIII ions.
This temperature is much higher than the apparent deuteron temperature of 1 .,3 Key, and it is
necessary to invoke some non-thermal process to explain it, e.g., a microntrbulence driving
all ions to the same velocity ( - 3 x 107 cm/sec) in which case TiacM i, or acceleration of ions
by local E fields (Ti cc Z2 /Mi). The accuracy of the measurements is not quite good enough to
determine the mechanism, although when the C-V line at X 2271 A is included, an Mi
dependence of Ti is suggested.

3-7.2 PICKET FENCE III. Emphasis is being placed on understanding individual particle
behavior in this entropy trapping experiment conducted in a cusped field geometry. An electro-
static ion energy analyzer has been used to measure the flux of ions leaving the B field for
various ion energies, e.g., 9 Key to 20 Key for deuterons. The flux varies approximately as
t -k (10 4 sec < t < I msec), where k lies between 1.5 and 2.5. The value of k increases
with base vacuum pressure before injection but is not strongly dependent on ion energy. Since
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I
the flux is a measure of the ion loss rate, the number confined as a function of time may be
obtained by integration; i.e., N oc tk (0.5 < k < 1.5). This result suggests a binary-diffusion
loss process for which N oc t"1 . The M/Z ratio for 14 Key ions was found to be 2. This result
was obtained at 250 IL sec after injection by simultaneous measurements of (M/Z) V2 in the
electrostatic energy analyzer and of V in an E x B drift space. This value of 2 does not rule out
the presence of very energetic heavy ions, e.g., O-IX, instead of deuteron; however, this
probability seems unlikely from energy considerations.

3-7.2.1 PLANS. Since ion loss has been observed at off-axis points and in directions not
parallel to the field lines, use will be made of several detectors to obtain simultaneously an
overall picture of ion and electron loss.

3-8.4 PICKET FENCE II B. To alleviate the erratic production of neutrons and x-rays and
permit operation at higher injected gas pressures, the energy source was changed from a
6tLf, 25 Kv capacitor bank to an ignitron-switched 16f•f, 20Kv bank. This change raised
available energy from 1800 to 3000 joules.

3-8.4.1 X-RAY EXPERIMENTS. Studies were made with the new bank to determine the effect
of electrode materials and capacitor bank parameters on the x-ray signal. Electrode surfaces
of Ta, stainless steel, Al, and brass were found to increase the average x-ray yield
respectively; brass produced approximately 10 times the average yield for Ta. Absorption
curves for a counter located near the exit cusp show, in general, a distinct soft x-ray component
with an average x-ray energy, E, for the brass electrode which varies with the magnetic
field as follows: E = 195 Key for B = 5.4 K gauss, E Z 175 Key for B= 3.5 K gauss. A stainless
steel electrode had previously given an erratic, much lower average x-ray yield varying from
1.5 Key at B = 3.15 K gauss up to 250 Kev at B = 5.3 K gauss. The cause of the dependence of
x-ray amplitude on the electrode surface is not known. There is some inolication that the small
neutron yield observed (for B < 4 K gauss) is higher for an Al surface than for brass. The x-ray
lifetime and relative trapped x-rky signal (amplitude 100 IL sec after injection normallied by the
initial signal amplitude) are found to vary slightly with changes in the gun supply bank. For
input energies < 2.4 K joules at 4.3 K gauss the x-ray (e-folding)lifetime is -225 IL sec, but
for 3 K joules the lifetime drops to 171 IL sec indicating a degradation due to impurities or an
increase in cold plasma density.

3-8.4.2 PLASMA STUDIES. Emphasis has been placed on the confined plasma. Utilizing the
new energy source, the deuteron distribution has been measured at the ring cusps and found to
duplicate earlier data. Measurements taken at the output cusp indicate several plasma
reflections (2 or 3) occur prior to' sudden decay cut -off at - 20 IL sec. It is hoped that an
increase in the amount of plasma and confinement time can be achieved for deuteron energies
in the range I to 10 Key.

3-8.4.3 PLANS. The use of ions or electrons to measure the plasma potential (*) is planned.
A device with larger magnetic field and dimensions is being considered as a replacement for
PICKET FENCE II B.

3-10 PLASMA GUN RESEARCH.

3-10.1 LARGE BORE HYDROMAGNETIC GUN. A large-bore hydromagnetic gun, Figure 4-S,
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has been set up and operated with the gas valve located on the outside electrode to facilitate
geometrical changes in the inner electrode configuration. This gun has an insulator hidden from
the radiation of the discharge that proved to be effective in discouraging breakdown at the
breech. The gun was driven by eight 5Lf, 25 Kv low-inductance capacitors each connected to
the cable header with four low-inductance coaxial cables. The current rose in 1. 5* sec when
the header was shorted at the breech. Results with this gun indicate a reasonable neutron
production. About 107 neutrons/pulse are produced in the vicinity of an end plate located 1.5 m
downstream from the gun under typical operating conditions. The yield is not strongly
dependent on electrode diameter, measurements indicating little variation (less than a factor of
2) as the diameter is changed from 2.5 cm to 10 cm. For best operation, the gas distribution

should be a maximum about 3 cm behind the end of the central electrode, although this also does
not have a strong effect on neutron yield. Measurements of the position of the current sheath
vs time, and Kerr cell photographs indicate that the deuterons which produce neutrons are
accelerated at the same time as a fast pinch occu-s off the end of the central electrode.

3-10.1.1 PLANS. A faster bank will be used to get a cleaner plasma. Emphasis will be placed
on photography as a diagnostic technique.

3-10.2 COAXIAL GUN INJECTION INTO A MAGNETIC FIELD. Experiments are conducted with
a plasma gun system which gives volume neutrons when its ejected plasma stagnates against a
magnetic mirror. Two modes of operation are significant. In the first mode, when there are
small delays between gas admission and gun voltage application, there are large yields of gun
neutrons, small diamagnetic signals, a sharp kink in the current signal corresponding to product-
ion of gun neutrons, and an x-ray signal. In the second mode, when the delay time is optimum for
stagnation neutron production, there are no gun neutrons and no hard x-rays. The current rises
for about 1 ýt sec and falls linearly to near zero in about 3 IL sec. Large quantities of energetic
plasma ( -1 0 Key) are produced.

3-10.2.1 RESULTS. Attempts to increase the time of the neutron signal by symmetrizing the
stagnation field were not successful. Similar attempts to measure the slow, low-A plasma
component, with a Faraday cup behind a pinhole also failed. A reasonably quantitative, simple
method of measuring plasma energy has been tested; it consists of measuring the current pulse
induced in a coil by the injected plasma. A Rogowsky loop is used in the current connections,
where, if desired, it can be threaded in the reverse direction through the leads to a dummy coil
of similar characteristics connected in parallel to the same pulse current source. In this way
the deflection due to the pulsed field can be bucked out.

9
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SECTION IV

EXPERIMENTAL DEVICES AND RESEARCH AT THE LAWRENCE RADIATION LABORATORY

4-1. GENERAL. The most significant aspect of recent operation of the mirror machines at
Livermore is the increasing experimental confirmation being obtained of the new "finite orbit"
theory which explains stable and unstable modes of operation. If the theory is substantiated, it
will permit designers to avoid known instabilities. TOY TOP III, for example, has been
adjusted in length to take advantage of this theory and has apparently overcome the flute-type
instabilities that were observed in previous models. TOY TOP 7X, now under construction, is
designed to satisfy the stability criteria of this theory. ALICE, on the other hand, was
constructed prior to the development of the theory and may have to be redesigned.

4-2. FAST NEUTRAL ATOM INJECTION EXPERIMENT: ALICE. Recent observations indicate
that the fraction of the ionization that occurs due to Lorentz force is greater by a factor of five
than it was previously thought to be. Tests have been made recently with the magnetic field at
various values between 30 and the 50 Kgauss design level and with low density trapped plasmas,
I - 2 x 108 ions cm" 3 , in connection with the improving of diagnostic techniques and beam
collimation. The device has a beam current of 60 millliamps, base pressure, 10-10 mm Hg,
and operating pressure, i0-8 mm Hg.

4-2.5 PLANNED MODIFICATIONS. An axial ion gun is to be installed which will increase the
beam intensity sixty percent and will allow the use of mixed deuterium and hydrogen in any
desired proportions. The present offset ion source will be retained. The vacuum pumping
capability will be improved to reduce the pressure toward the operating goal of 10-9 mm Hg.

4-3.5 TOY TOP Il S. The pulsed-field coil system of the TOY TOP multiple-compression
machine has been completely rebuilt. The new coil structure has a 9-inch instead of the 6-inch
tube previously used, produces a smoother and more symmetrical field, and has a rise time of
about 60 microseconds instead of 270 microseconds. The new arrangement is comparatively
short and consists of only two stages. The symmetry of the magnetic field is such that the
contour lines at the 9-inch diameter are circular within + 0.13 inch. Deviations from symmetry
'of the magnetic surface which bounds the plasma are less. The III S system was operated and
neutrons were observed. Attempts were made to increase the reaction rate so that it could be
followed better as a function of time. The transport of plasma from the interior of the confining
field across the magnetic field to the vacuum chamber walls was eliminated successfully.
However, the rate of neutron production still decays with the apparently invariable 50 to 70
microsecond time constant. To date, it has not been possible to explain the decay as being due
to hydrodynamic instabilities. The object of current research is the understanding of this decay
and the increasing of the time constant.

4-3.6 TOY TOP 2X. Much of the construction has been completed and TOY TOP 2X will be
operating for field symmetry adjustments early in fiscal year 1964. The dimensions of 2X are
twice the linear dimensions of the earlier TOY TOP. Much more diagnostic equipment has been
included. The plasma density and the magnetic field will be about the same but the volume of
the contained plasma will be up to ten times as great as in the earlier TOY TOP.

II



4-4.3 TABLE TOP M RESULTS. A continuing effort has been made to reconcile both the observed
stability and the observed unstable plasma behavior with theory. It has been confirmed that the
same type of r3tating flute seen with a "hot electron" plasma has been seen with a "hot ion"
plasma, except that in the latter case the flute is observed to rotate in the opposite direction,
that is, in the sense expected if the plasma potential is positive. It appears that the rotating
instability occurs whenever an unstable condition is detected and when the rotating flute is not
present no other instability is operative. High-mode-number flutes are not observed. Nonlinear
effects are important; the growth rates of the instability, for example, do not seem to be as rapid
as simple theory would indicate. Also, definite evidence is observed of instability "triggering
threeholds" or of shock-like phenomena which sharpen the shape of the rotating flute. In many
cases it has been observed that the instability, accompanied by rapid radial diffusion, may
begin only to disappear before the plasma reaches the chamber wall. A recent study of the
plasma shape and motion during an instability was made using eight scintillators located outside
the mirror and intercepting the end scattered electron flux. An instability was triggered using a
pulsed axial magnetic coil. The plasma left the axial position and spiraled outward. Scintillator
signals indicated that the plasma had the shape of a column of roughly circular cross-section
The average column radius was about 2 cm, and the average radial velocity was about 5 x 10 cm
sec -l. A mechanical analog was constructed to aid in the interpretation of the electrical signals
from electrostatic (capacity) probes placed near the rotating plasma. The mechanical model
consisted of a charged disc (simulating a section of the column of plasma) rotated about an offset
axis (simulating the rotation of an unstable plasma column about the central axis of the mirror
"machine) and an electrostatic probe. The charged rotating disc and the disc of the electrostatic
probe form a variable capacitor. When the electrical time constants of the associated circuits
were adjusted in proportion to the ratio between the observed period of plasma rotation and the
period of the model, the waveforms of the electrical signals from the probe near the disc showed
excellent agreement with those from the probe near the plasma. Information from the signals
obtained showed the plasma potential to be negative in the case studied and that the plasma form
could be a circular disc of radius :- 3.5 rm.

4-5 ASTRON. A self-consistent solution for the distribution of electrons in an infinitely thin
E-layer has been derived analytically. This model of the E-layer does not exhibit the axial
bunching instability or the B8 instability during buildup. The ampere-turn distribution at the
ends of the confinement region needed to produce the desired fields in the E-layer region has
been derived from this model.

4-5.3 STATUS. The ASTRON reactor chamber is presently under vacuum; four of the six
accelerator units have been installed, a fifth has been assembled and the sixth is being assembled.
The control console is under construction. The requirement for a precise "flat top" pulse feed
into the electron gun has received considerable attention. A test stand program to check out
components is running concurrently with ASTRON fabrication. For the purpose of determining
some of the natural resonant modes of electromagnetic energy propagation in the ASTRON tank
and finding means to suppress or change the more dominant of the modes, a one quarter scale
model of the tank is being constructed. The size and mechanical design of the model will allow
frequent disassembly for experiments with internal structure and mode-suppressor design. Full
operating condition of the ASTRON facility is anticipated in February 1964.
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4-6. LIVERMORE PINCH EXPERIMENTS. An elementary theory of the finite-conductivity
stability problem has been formulated. It predicts three basic types of resistive instabilities:
A Icng wave tearing mode corresponding to the break-up of a current layer along current flow
lines; a short wave rippling mode due to the flow of current across the resistivity gradients of
the layer; and a low P, pressure driven interchange mode that grows in spite of finite magnetic
shear. The predictions of the present theory appear to fit known experimental results. Using
the finite-conductivity theory, efforts to correlate experimental and theoretical stability results
are being accelerated. The specific experiments concerning resistive instability are:

a. A hard-core pinch experiment with an outer cusp field to study the importance of

field curvature.

b. A TRIAX or resistive sheet pinch experiment to study the tearing instability.

c. A large, new, hard-core pinch experiment with special diagnostic equipment to study
the rippling and tearing modes.

d. The LEVITRON experiment to study plasma containment under conditions satisfying
the finite conductivity theory and thereby to provide information on the rippling mode and the
pressure driven resistive mode.

4-6.5.1 12 INCH LEVITRON. A high powered LEVITRON of 12 inch bore designed for high
purity plasma and high temperature operation was completed in April 1961. Failure of the
vacuum system necessitated disassembly in August 1961. The difficulties have been overcome,
and new vacuum pumps with 10 times the capacity of the present pumps will be installed. A
hollow-cathode-discharge plasma source for the LEVITRON has been constructed. The source
operates in a radial port and injects plasma onto flux surfaces as they are swept inward. A
thermionic cathode is used. Pulsed D2 is injected into the hollow tubular cathode region and a
50 to 100 ampere discharge is formed to a tubular anode. LEVITRON operates at an electron
energy of 50 ev and a plasma density of 5 x 1013 ions cm"3 . New magnetic field probes will be
added to determine the radial distribution of the Be and Bz fields. Planned work includes electron
energy experiments, microwave experiments, and high energy plasma injection experiments.

4-7.6 ROTATING PLASMA RESEARCH: HOMOPOLAR V. This device was operational for the
first time in January 1962, Figure 6-S. The main improvements over HOMOPOLAR IV are in
the vacuum system, the magnetic field coils, the deuterium container, and a fast acting valve.
The magnetic field coils are stronger, more flexible and allow operation at higher magnetic
fields. The deuterium cavity is located in the center of the apparatus and is cylindrical. The
gas release is radially symmetrical and it Is believed that it is because of the change in shape
and position of the davity that nearly all of the tests now show a backvoltage whereas less than
one-third showed a backvoltage in HOMOPOLAR IV. A new fast acting valve has proved more
reliable than the one previously used. The electrode structure is identical to that of
HOMOPOLAR IV. Typical operating characteristics are: volume of D2 injected, 30 to 50

microliters; ion density, 10 4 to 10 5 ions cm- 3 ; total neutrons produced, about 105; randomized
ion energy, 4 to 5 Key, nearly all of which is in the ions. Most present experiments are for the
purpose of improving diagnostics. Attempts to detect neutrons resulting from the D-D reaction
have been unsuccessful in the past because of the y-ray background produced by the device.
Scope pictures of the scintillation detector output pulse shapes have been used successfully to
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discriminate between the neutrons and the y -rays. It is planned to use a pulse shape discriminator
circuit in connection with a stilbene crystal and a photomultiplier for the purpose. Both the
electrical and magnetic inputs will be increased. An electrolytic, 0.25 megajoule capacitor bank
is now in use.

4-7.7 HOMOPOLARVI is now on vacuum pumps; the pressure has been reduced to 10-8 mm Hg.

The machine will be operated first as a single ended device starting probably in February 1963.

4-7.8 PLANS. It is planned to use the HOMOPOLAR principle in a plasma gun. A gun using thisprinciple may be superior to the coaxial plasma gun.

4-7.9 HOTHOUSE III. This ion cyclotron resonance heating apparatus is in limited operation,
Figure 7-S. A conducting screen was added at the end of the apparatus and perpendicular to the
magnetic field in order to control turbulence. Further, the slow bank ionizing voltage was
applied to the same electrode that supplied the wave-inducing rf field, thus freeing the opposite
end of the apparatus to accept the conducting screen. Some wave-field measurements made
earlier were repeated with the conducting screen in place. The screen substantially reduced
the time dependence of the Be wave-field amplitude indicating that the turbulence associated with
the wave-propagation was reduced. Application of a 9 Mc radial electric field to the coaxial
electrodes produces a predominantly torsional hydromagnetic wave in which the azimuthal
component, B0 , Is approximately proportional to 1/r at the electrodes. As the wave propagates
down the tube, the total wave epergy per unit length and hence the wave amplitude rises because
of the spatially decreasing magnetic mirror field and the consequent drop in wave velocity.
The energy per unit volume is only slightly decreased by the increasing area of the wave front.
As the resonance region at the mirror center is approached, most of the energy of the wave is
converted into thermal energy in the plasma. The efficiency of power transfer from the
oscillator to hydromagnetic wave motion is approximately 50 percent. About 95 percent of the
energy of the wave is transferred to the highly ionized plasma in the ion cyclotron resonance
region at the mirror center. Normal operation is at 0.5 megawatt. The apparatus was shut
down early in January 1963 for the addition of a stainless steel liner which will be run hot
(at about 6000C) to reduce the losses due to contaminants entering the tube from the walls during
operation.
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SECTION V

EXPERIMENTAL DEVICES AND RESEARCH AT OAK RIDGE NATIONAL LABORATORY

5-2.3 DCX-l OPERATION WITH CARBON ARC. Instead of 2.7 Mw accepted by each coil on
DCX-1, 3.5 Mw is the total power available in the four field coils. Instead of 25 micro-inch
nickel foil, 10 micro-inch foil is now used on the neutral particle detector.

5-2.5 RESULTS. Recent experiments have been primarily studies of the characteristics of
plasma established by low pressure gas dissociation of the incoming H2+ beam. Measurements
of slow plasma currents drifting to insulated end walls positioned outsidle the throats of the
mirror coils indicate that the primary source term is ionization of the background gas by
trapped protons, Figure 8-S. Simultaneous measurements have been made of these currents,
the intensity of rf activity, the plasma potential (by the lithium beam technique), and signals to
neutral particle detectors (NPD). Coincident with the bursts of rf activity there are fluctuations
in the electron current out of the mirrors, increases in plasma potential by as much as several
hundred volts, and sharp increases in signals to the NPD. At the cessation of rf the current
fluctuations cease, the plasma potential drops, and the NPD signals gradually recover to steady-
state values. An explanation is that the heating rate for electrons in the plasma increases with
rf activity, the plasma potential then increases in order to balance the loss rates of slow ions
and electrons, the energy loss rate of the fast circulating protons increases, and these
additional losses are reflected in a higher charge exchange loss rate. Studies of the various

field components of the rf signals confirm the existence of charge "clumps" rotating with the
trapped protons. Studies at low pressures have also shown the existence of a repetitive short
burst activity involving purely longitudinal currents or electric fields. Injecting an electron
beam into the plasma along field lines causes marked changes in the rf signals and in the energy
distributions of the charge exchange neutrals. The injection of 400 Key H2+ has been coupled
with electron cyclotron heating in the plasma region. Although there is evidence for electron
heating, the dissociation of the molecular ion beam was not enhanced by the modest power levels
employed (about 5 watts).

5-2. 5. 1 PLANS. The on-off repetitive action of DCX-I which has the effect of quenching fast
proton instability, suggests deliberate disorder injection of the H2+ beam would produce a
stabilizing effect u on the plasma ring (3.25 inch radius). As a result, experiments were set up
to (a) inject the H2 beam slightly out of the median plane and (b) inject the beam in the median
plane but allow it to swing inside or outside the 3.25 inch H+ stable orbit (plasma ring) so as to
deliberately introduce more precession into proton orbits. It was found that ti-is technique does
tend to stabilize the system and will be investigated in detail.

5-2.6 WALL EFFECTS. The wider vacuum liner modification in DCX-l has been completed.

5-3.7 STATUS OF DCX-2. All the principal components (the accelerator and injection system,
including the shielded injection channel or "snout", the coils producing the tailored magnetic
field, and the vacuum system) are in operation.

5-3.8 RESULTS. The DCX-2 apparatus is designed ýo produce an energetic proton plasma in a
mirror magnetic field by dissociation of energetic H2 ions over a long path in the magnetic
field, DCX-2 has been operated with injection currents up to 40 milliamperes, H2 current,
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at 600 Kev. Complex plasma behavior was observed which limits the density of the energetic
plasma. At turn-oft beam currents of neutral particles are observed emanting from the end
regions of the machine which reflect a trapped ion density - 107 to 188 /cm with a decay mean
life of -8 milliseconds. However, hot-ion densities 9f only 2 x 106 /cm3 are seen in the flat
central region of the ,nagnetic field. These plasmas decay following beam turn off with mean
times not inconsistent with charge-exchange losses; however, with the beam on, the losses
increase by a factor of at least 50 to produce the observed results.

5-4.2 RESULTS OF ELECTRON CYCLOTRON HEATING EXPERIMENT. Experimentation was
performed using a continuous wave power source capable of applying up to five kilowatts of 10.8
gigacycle microwave power to the plasma. Figure 9-S shows the experimental arrangement.
With the application of two kilowatts of power and using a deuterium gas feed neutron emission
from the plasma was observed by a U-235 fission counter and validated by foil activation
measurements. With the plasma adjusted for quiescent steady state operation, the neutron
production rate is optimum. With the plasma adjusted for noisy unstable operation, the neutron
production rate is sharply decreased. The U-235 detector indicated a source strength of

105 n/sec at 2 Kw of microwave power when calibrated against a known Am-a -B neutron source.
Further checks with a He3 proportional counter showed that the neutron source strength
increased roughly as the square of the applied microwave power. The He 3 counter detects
neutrons through the reaction He 3 (n, p) T with a Q of approximately +770 Kev. Measurements
of 8mm. microwvave noise amplitude and dianrrignetic -signal from an axial probe showed a

similar dependence on microwave power. The neutron production took place only in a fairly

narrow range of magnet current variation. The region of enhanced neutron emission and
maximum noise amplitude was correlated with the microwave resonant heating zone positions
near the mirror throats.

5-4.2. 1 EXPLANATION OF RESULTS. The most reasonable explanation of the large flux of

kilovolt nentrons from the electron cyclotron plasma (ECP) appears to be coulomb-or electro-

dissociation of deuterium by high energy electrons (i.e., e+D--e + n + p). Electrons with
energies greater than the binding energy of deuterium are believed to be present in the ECP
since x-rays with several Mev of energy have been observed. There is an insufficient amount
of D2 or Be in or near the device to produce the neutrons by (,y, n) processes and all other
materials have too high a (.1y, n) threshold to produce the observed neutron flux. Calculations
show that the cross section for electro-dissociation at 3 Mev is - 10.30 cm 2 . Measurement at
an electron energy of 3.8 Mev estimates the cross section to be in the range 10-31 to I0-30 cm 2,
which Is in substantial agreement with the above calculation. Using this cross section and a
plasm volume of 104 cm 3 , it is estimated that a high energy (t 3 Mev) electron population of

- 10 3 is required for the observed neutron emission rate. As the plasma density is
101 /cm 3 , this requires only a small fraction of the electrons to be in the energy group which

produces the neutrons and is in substantial agreement with the observed x-ray flux measurements.

5-4.3 PLANS. A new larger device for plasma heating at the electron cyclotron frequency is
expected to bb in operation by April 1963. Lead shielding will be provided for protection against
x-rays. The purpose of this device is to study the effect of using a larger confinement volume.
It is plaoned to inject a 20 Kv, "50 milliampere deuteron beam into the cavity. It is hoped that
a hot electron "blanket" of sufficient size to Insure neutral gas burnout will be produced. By the
end of summer 1963 a 13 Kw continuous wave power source is expected to be available.
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5-9. STUDY OF TRITIUM BLANKET REQUIREMENTS FOR A(D, T)REACTOR. Since the
design details of a successful thermonuclear power device are not known, only the two principle
functions oi the blanket were considered; namely, (1) moderation and multiplication of the 14. 1
Mev neutrons from a (D, T) plasma and (b) the breeding of tritium, Figure 10-S. The function
can probably be most readily performed by fluid blanket components which will permit heat
extraction at reasonably high temperatures. Factors considered were:

a. Provision for neutron multiplication.

b. Moderation of neutrons to low energy and their reaction with lithium-6.

c. Small parasitic neutron capture.

d. Absorption of secondary gamma rays.

e. Extraction of heat at useful temperatures.

f. Recovery of tritium.

g. Stability and chemical compatibility.

h. Compatibility of the blanket with magnetic requirements, small electrical losses.

i. The pressure of the system should be low at operating temperature.

j. Minimum induced radioactivity.

k. Minimum thickness.

5-9.1 CONCLUSIONS. Molten LiF-BeF2 is a promising blanket material for removing e4iergy
from a thermonuclear reactor in the form of useful heat and for breeding tritium. In the interest
of minimizing blanket thickness and of maximizing neutron multiplication, the possibility of
including. heavier elements such as lead, tin, barium, and zirconium in a fluoride salt mixture
to be placed in one region of a blanket assembly should be considered. It is probably not too
early to start to obtain information needed to determine the feasibility of employing molten fluorides
in a thermonuclear reactor blanket. Some of the problems that need to be examined are:
compatibility of molten fluorides with container and neutron multiplying materials and means of
dealing with the corrosion problem resulting from charge imbalance accompanying tritium
production, and solubility of tritium and tritium fluoride in molten LiF-BeF 2 . Due to lack of
information on the configuration of a successful thermonuclear reactor, it does not appear
profitable to attempt blanket design studies at this time.
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5-10. ELECTRON BEAM-PLASMA INJECTION EXPERIMENT. See Figure 11-S. Both the
plasma and the electron stream were formed by a pressure gradient arc. The arc is produced
by feeding gas into the aperature in the anode which defines the electron stream, producing a
local region of higher gas pressure, When a stream of electrons passes through this higher
pressure region, a dense volume of plasma forms inside the anode. In this experiment the
cathode heating current is removed once the plasma is formed. Therefore higher negative bias
may be applied since only the region of the cathode bombarded by ions is heated to emission.
This plasma region extends into the space between the mirrors and emits energetic ions in
random directions. An electrically floating anticathode electrode reflects the electron stream
and produces a reflex discharge. X-rays were produced; however, the addition of a copper
enclosure around the plasma region increased the x-ray photon yield by about a factor of 100.

5-10.1 RESULTS. Interaction between the electron stream and plasma of deuterium or helium
resulted in heating of the plasma electrons. The resulting steady state plasma emitted x-ray
photons with energies up to 250 Key. From the photon enery distribution and total flux, an
electron temperature of 32 Key and density of about 4 x 101 electrons cm 3 was indicated.

23



,1

! -' I

24



!4

SECTION VI

EXPERIMENTAL DEVICES AND RESEARCH AT PRINCETON UNIVERSITY

6-2. C STELLARATOR. After about one year of operation the C stellarator has begun full
operation using shaped pulses for ohmic heating. Ion cyclotron heating will be introduced later
in 1963 Instead of the previously planned magnetic pumping which is now scheduled for 1964.

6-2.1 STATUS. The installation of field stabilizing windings, the divertor and ion-cyclotron
heating equipment has been completed and is in operation.

6-2.3 MAGNETIC PUMP. Calculations predict that the low-Q capacitors to be utilized for
magnetic pumping will provide insufficient energy for plasma heating. Because of the high-Q
capacitors intended as replacements are still in the development stage, it was decided to install
ion-cyclotron resonance heating of frequency range 7 Mc and 15 to 40 Mc; eventually to be
improved upon with the use of Hard Tube Modulator for Audio-Frequency (HTAF) in the frequency
range 40 to 200 Mc. The high-Q equipment is scheduled for 1964 installation.

6-2.5 DIAGNOSTICS. Of the two diagnostic instruments intended for ultraviolet spectroscopy
work on C stellerator, the grazing incidence single-channel vacuum spectrograph has been
emphasized because of the good data obtained. The six-channel, one-meter focal length spectro-
graph is still in preparation.

6-2.6 RESULTS. Experimental work on the machine was divided into three main categories as
described below.

6-2.6.1 IMPURITIES AND OPTICAL RADIATION. The grazing incidence vacuum monochro-
mator was calibrated and used to study time behavior and absolute intensities of lines of the
stellarator working gas, (e.g., H, He) and of impurities in the spectral range of their strongest
lines. The observed rates of ionization of the oxygen impurity from one state to the next, in
conjunction with electron density measurements by microwave phaseshift, were used to obtain
electron temperatures at various times in the discharge. Measurements of the relative line
intensities of two or more transitions were used to calculate the electron temperatures. Such
"excitation temperatures" were computed from measured intensities of several resonance
multiplets of doubly and triply ionized oxygen using excitation cross sections. Temperatures
obtained were in reasonable agreement both with the conductivity temperatures, and with the ion
temperatures as measured from Doppler widths of the lines, although moderate discrepancies 4

exist in the time behavior of the various temperatures. The temperatures were used in 4

conjunction with the absolute line intensities to calculate the absolute concentration of the oxygen
ions in the plasma as a function of time. The results indicate a rapid oxygen influx early in the
heating current pulse followed by a net efflux with typical particle confinement times of the
order of a few milliseconds.

6-2.6.1.1 RADIATION LOSS AND POWER BALANCE. An attempt was made to determine the
power balance in the C stellarator by using the vacuum monochromator to measure the absolute
power radiated from the plasma and comparing it with power input during the discharge pulse.
Determinations were made using the normal operating gas (H) and helium impregnated gas.
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Results indicate that for normal gas discharges the plasma is about 50 percent radiation-limited
for low plasma currents of "2 Kamp, but that the fraction of power going into radiation drops
off as the current is increased and suggests an enhanced particle loss. In discharges containing
helium as an added impurity the plasma is essentially completely radiation limited over wide
ranges of plasma currents and magnetic confining field strengths.

6-2.6.2. STUDY OF PHENOMENA DURING OHMIC HEATING. Three experiments were
conducted to determine (a) the effect of helical windings, (b) U-bend drifts, and (c) the effect of
a transverse magnetic field applied over the entire C stellarator.

6-2.6.2.1 THE EFFECT OF HELICAL WINDINGS ON PLASMA BEHAVIOR. It was found that:

a. The helical windings introduce a rotational transform up to 580 at a radius of 5 cm.

b. The potential difference due to charge separation caused by U-bend drift is reduced.

c. When the ohmic heating (OH) current (J) unwinds the introduced rotational transform at
the plasma boundary, the discharge becomes unstable.

d. If the lack of closure of the vacuum magnetic field (BNis removed and the stellarator is
made symmetric, (paragraph 6-2.6.2.3) the helical winding reduces by a factor of 2 the applied
voltage required to maintain a given plasma current indicating a higher temperature.

e. The "runaway" effect of a deliberately introduced lack of Bo field closure is minimized
by the helical windings.

6-2.6.2.2 PLASMA DRIFT AT THE U-BENDS IN C STELLARATOR. With no helical transform,
potential differences of several tens of volts between the top and bottom of the plasma at the U-
bend indicates that charge separation takes place. This difference changes sign if the direction
of the magnetic field is reversed while the other variables are kept constant. Density profiles
show that the plasma does not touch the tube wall for high confining fields if an aperture limiter
(short-circuiter used to decrease the perpendicular electric fields in the plasma torus) is
inserted. With the helical transform, plasma is nearly centered in the aperture limiter.

6-2.6.2.3 THE EFFECT OF A TRANSVERSE MAGNETIC FIELD. It was discovered that the
confining field, B0 , failed to close by 0.26 cm. This asymmetry was corrected by imposing a
transverse magnetic. Bt, over the entire stellarator and resulted in significant improvement of
the energy replacement time, T E, and particle confinement time, T , . Further, improvement
of -r E and T as well as a reduction in the plasma diameter and beaer centering of the plasma
in the aperture limiter, is obtained by adding an extra component of vertical transverse field
(- 10 gauss) in addition to that required for symmetry. This extra field depends upon theplasma
current and is requited to (a) balance the magnetic confining field drift in the U-bends with a
j x Bt force and (b) balancd the hoop force (force created by the OH current flowing toroidally
in the plasma).

6-2.6.3.1 NEUTRAL DENSITY VARIATION. In the ionization phase of stellarator discharge
the density of neutral hydrogen molecules, is reduced by dissociation and ionization. By
programmed OH pulses, the ionization is completed in a few microseconds and the plasma is then
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held at - I ev for 20 msec during which time the electron density decreases (afterglow). At
this low temperature it is not expected that recombination would occur in the plasma nor that
molecular hydrogen returned to the volume from the walls would be ionized. The OH pulse
ionizes the neutral gas and the resulting plasma increase is taken as a measure of neutral density.
Fast ion gauges to measure directly the neutral pressures have also been used. Results indicate
that neutral atoms produced during the initial dissociation remain for 5 to 8 msec. Charged
particles recombine at the stellarator walls and the rate of return may be slower or faster than
the rate of neutral return depending upon discharge conditions.

6-5.1 STATE OF B-I STELLARATOR. Conversion of this device for use in a new set of
experiments is complete and it has been used to study wall effects and plasma impurities.

6-5.2 RESULTS. Aperture limiters were used across the beam to study impurity effects. By
insertirg a limiter it was shown that wall impurities decreased; however, a large contribution
from the limiter itself was detected. This observation was made from the output signal of a
monochromator under fixed conditions.

6-5.3 PLANS. More significant data in terms of ratios of impurity signals to He-Il signals
will be taken as soon as improvements of the optical system are completed. A study of the
impurity release from different surfaces by varying the limiter material and treatment is planned.

6-6. B-3 STELLARATOR. In addition to the conventional and, HTAF ohmic heating available a
new 25 Kw magnetic pump in the ion-electron hybrid frequency (500-600 Mc) range has been added.

6-6.1 INDUCED ELECTRIC FIELD. Current-voltage characteristics of simple, wire-type
Langmuir probes have been obtained as a function of position and time in nearly fully ionized
hydrogen plasma. The confining field was up to 38 K gauss; n was 5 x 1013 cm"3 and conductivity
temperature was 15 ev. Well-defined saturation current densities for both ions and electrons
in the ratio of 1 to 30 were discovered. If too large an electron current is collected on the probe
a radial electric field as high as 300 v/cm can be induced in the plasma indicating that a plasma
capacitor Is established having a magnetic surface as the inner plate, the discharge tube as the
outer plate and the plasma as the dielectric.

6-6.2 PLASMA LOSSES. Profiles taken under three different conditions indicate nearly
cylindrical conditions exist for the space potential and ion density. For these cases, a diffusion
coefficient of 103cm2/sec was observed for the outer region for a 4 ev plasma in the 38 K gauss
field. If the loss in the inner region, where no radial electric field exists is described by
diffusion, the coefficient would be at least five times greater. More likely a drift causes the
high loss in the inner region of this low temperature plasma. Computations show that an increase
of a factor of 2 in the confinement time can be obtained by increasing the outer region in which
the radial electric field is established.

6-8. 1.1 ION ENERGY DISTRIBUTION IN B-66. The voltage induced in a loop by the diamagnetic
field is proportional to the rate of change of perpendicular plasma pressure. Plasma temperatures
obtained from this measurement and averaged over -25 cm of the axis ranged between 100 and
180 ev for electron densities of -3 x 1013 cm" 3 . Temperature measurements made with a mass
spectrometer employed'to analyze the energy of ions escaping through a mirror in a magnetic
beach were in general agreement with energy ranges from 20 to 150 ev. The low temperature of
20 ev indicates that most of the plasma pressure Is due to ions. Measured decay times range
from 10 to 80 microseconds.
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6-8.2 NEW EXPERIMENTAL ARRANGULMENT. A new experiment is being prepared to
determine if ion cyclotron waves can be propagated around U-bends. If successful, this will
mean that it will not be necessary to incorporate a magnetic beach near the plasma source on
C stellarator, but instead that it can be used in the divertor.

6-10. THE L-2 EXPERIMENT. The L-2 device is temporarily inactive.

6-11. THE Q- IPROGRAM. Formerly called the Q Device, Program A, the device has under-
gone extensive modifications and is now in operation. No results are available.

6-12. THE Q-3 PROGRAM. This experiment was formerly called the Q Device, Program B.

6-12.1 RESULJT. Io5 acoustic wav•l wer,% excited in highly ionized cesium and potassium
plasmas (5 x 10"" cm" < n < 5 x 10 cm" ) by modulating the potential of a tungsten grid
immersed in the plasma. The waves are detected by a similar grid, which can be moved along
the plasma column.Phase velocities are 1.3 x 10 cm/sec for cesium and 2.5 x 105 cm/sec
for potassium with no measurable dispersion and are 70'percent in excess of those predicted for
a collisionless plasma with equal ion and electron temperatures; Vph = 4 4kT/Mi, T = 2300* K.
The wave damping distances were observed to be independent of density and are a constant fraction
of a wave length. The measured damping distances (-0.6 wave length) are -50 percent greater
than predicted.

6-13. PLASMA INJECTION EXPERIMENT. A device, Figure 12-S, has been fabricated to study
the transverse injection of plasma by coaxial gun (similar to the PICKET FENCE, MARK 1 B
Gun) into a bottle with fields up to - 18 K gauss. The purpose of the experiment is to determine
(a) how much plasma is trapped, (b) at what energy and (c) in what proportion. Since gun output
is known in detail, it will be possible, using the energy analyzer, to compare the amount of
trapped plasma with output. Other diagnostic techniques include probes and microwave and
frequency measurements.
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SECTION VII

OTHER EXPERIMENTAL DEVICES AND RESEARCH IN THE UNITED STATES

7-6. EXPERIMENTAL DEVICES AND RESEARCH AT THE MASSACHUSETTS INSTITUTE OF
TECHNOLOGY.

7-6.3 ELECTRON BEAM-PLASMA INTER-ACTION EXPERIMENTS. An electron beam-plasma
interaction experiment, Figure 13-S, studies electron beam discharges in helium and was
concerned with (a) large-amplitude current oscillations of a few tens of megacycles (regime 1)

and (b) emissions characterized by light, x-rays, kilomegacycle rf radiation, and the flow of ion
currents to the wall (regime 2). At low pressures, the large-amplitude current oscillation
extends throughout the pulse; as pressure is increased, the oscillation stops and emission begins

7-6.3.1 RESULTS. In regime 1, the power delivered to the beam was 11 percent less than the
power delivered under high vacuum conditions. In regime 2, the power was 30 percent less than
under high vacuum conditions. Results are summarized below.

POWER
PRESSURE BEAM INDUCTION I COLL (Arbitrary

REGIME (mm Hg) Voltage (Kv) (Gauss) (amp) Units)

High vacuum 5 x 10- 7  10 324 0.55 10.0

1 8 x 10- 5  10 324 large 8.9
oscillation

22 x 10' 4  10 324 0.65 7.0

7-6.4 FUSION REACTOR BLANKET. Final results of the fused lithium and beryllium flouride
blanket mock-up to determine if tritium can be produced at a fusion reactor site indicate that a
net production Is posdible. A tritium regeneration of -1.2 was observed from the following
reactions:

Li 6+n(slow) - T+ He 4

Li7+ n(fast) - T+ n+ He4

Calculations indicate that blanket thickness cannot be appreciably reduced below I meter and
that it will probably have to be a rather long device in order to cut out end losses. The salt,
Li2(Be F4 ), appears to look best for use in a fusion blanket.

7-6.4.1 REACTOR BLANKET WITH FISSILE NUCIJDES. A study was initiated to explore the
feasibility and merits of including fissile nuclides in a fusion blanket. The nuclides of primary
interest are Th-232 and U-238. The advantages of using fissile nuclides in a blanket are (a) an
increase in the power output of the system by virtue of the high energy fissions Induced; (b)
breeding of fissionable nuclides by neutron capture in either thorium or uranium; and (c)
improvement of neutron economy of the system because of high neutron yield of high energy
fissions. Disadvantages anticipated are (a) possible increase in the severity of salt corrosion;
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(b) severe radiation damage if the fissile nuclides are in solid f"rm; and (c) increased radio-

activity resulting from fission products. A 14 Mev Van de Graaf accelerator was used to
irradiate 18-inch stacked discs (simulated walls) of varying thickness. The various discs were j
analyzed chemically. Results are tabulated below.

FIRST WALL

Composition Mo Mo Mo Mo

Thickness (cm) 2.50 1.00 2.50 1.00

COOLANT

Composition(Mole %)

(LiF-BeF 4 -UF 4 ) 73-00-27 73-00-27 60-30-10 60-30-10

Thickness (cm) 6.68 6.68 6.25 6.25

RESULTS

Fission Rate 0.051 0.066 0.021 0.027

U-238 0.222 0.291 0.092 0.120
Multiplication

U-238 0.246 0.231 0.111 0.101
Absorption

Total Neutron

Leakage 0.076 0.088 0..079 0.093

T Regeneration

Ratio 1.050 1.070 1.080 1.070

The attenuator wall was 49 cm thick and contained 79% (66 LiF-34 Be F2) and 21% graphite.

7-6-15 LAS=r-ELECTRON SCATTERING EXPERIMENT. In order to establish the feasibility of

using a laser be-ailas a diagnostic tool for plasmas, preli•inary experiments to observe

Thomson scattering from an electron beam were prepared. By observing the scattered radiation

at a suitable angle with respect to the electron beam, signals were obtained that are characterized

by large Doppler shifts. These are easier to detect against the low background illumination than is

a distribution that is spread out and centered about the transmitted frequency, as would be the

case for a stationary and luminous plasma. The apparatus consists of a vacuum chamber in

which a ruby laser beam intersects an electron beam at normal incidence. The region of inter-

section is observed through an optical system, which includes a photodetector, whose optical

axis makes a fixed angle with the axis normal to the plane containing the beams. The observing

system, however, can be rotated around that normal axis to allow observation at a variety of

angles; therefore, different values for the Doppler shift can be obtained. At: present, an
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interference filter to obtain the spectral resolution is used and it is planned to use a grating
monochromator. A 50-joule laser beam, at X ' 6934 A, and an electron beam of 100 ma at 2 kv
are being used.

7-7. EXPERIMENTAL DEVICES AND RESEARCH AT THE NAVAL RESEARCH LABORATORY.

7-7.5 ASYMMETRICAL DRIFT IN THE PHAROS COIL. In an effort to alleviate the anomolous
plasma drift observed in PHAROS several pieces of shaped metal were placed between the plasma
cavity and the lead header plates in an effort to achieve stability. Cylindrical end pieces were
also used. All efforts failed. The plan to incorporate SCYLLA III-like multipoles to prevent
plasma losses to the wall failed because the large magnetic forces generated caused the multipole
wires to smash the vacuum tube. Efforts to use slots were, accordingly, terminated with the
emplacement of the multipole wires in a plastic and fiber glass sheath to protect the vacuum tube.

7-7.6 RESULTS. Effort is continuing with x-ray diagnostics in order to calibrate measurements
by passing the x-rays through several absorber foils to a scintillator coil. The purpose of this
effort is to reduce the uncertainty of the reported electron temperature (350 t 50 ev) in PHAROS.

7-7.8 PORTABLE POWER SOURCE EXPERIMENT. A new low inductance 00nanohenry), 50
Kjoule (20 Kv, 250 iLf) portable capacitor bank has been fabricated and will be used to produce
x-rays in a theta pinch coil. Each of the 30 capacitors has a low inductance cable and switch
(compared to one switch per each 3 capacitors on PHAROS); the bank is capable of producing
currents up to 2 megamperes in the coil. Operating pressure is -io-7 mm Hg. The purpose of
the experiment is to measure x-rays spectroscopically over a wide range with a variety of crystals.

S * The vacuum system is operating now. The spectroscope will be assepxbled by Spring 1963.

i * 7-8. EXPERIMENTAL DEVICES AND RESEARCH AT STEVENS INSTITUTE OF TECHNOLOGY.

7-8.2 CHALICE. The device is being dismantled and reassembled in a new location so as to
provide a new low inductance (- I to 1. 5 nanohenries) capacitor bank of 80 to 100 Kjoules. Each
of the two banks are designed to provide 50 Kv at 32 Rf. Low inductance lines and switches are
being fabricated for installation.

7-8.2.1 RESULTS. Experiments conducted at 30 Kv and 60 to 800 microns of Hg with a hydrogen
plasma indicate the "plasma bounce" does not exist in high magnetic cusp fields (- 25 Kgauss).
Mixing in the cusp region is thorough and appears to be squeezed into a "panaake" which leaks out
of the confinement region along field lines in the vertical median plane.

7-8.5 ELFCTRON BEAM EXPERIMENTS: MEGATRON. A new 20 Kv capacitor bank is being
assembled for use with the device. A small pilot model is in operation at the present time.

7-8.6 CESIUM PLASMA EXPERIMENT. The cesium plasma device operates - 3 x 10- 6 mm Hg
and produces a plasma of better than 50 percent ionization with a density of 10 particles per

3cm in an 8 K gauss field. The magnetic field varies about 4 percent from uniformity with 5
coils and -2 percent with 6 coils in operation (total length 16 inches).

3
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7-8.6.1 RESULTS. Working at 5 K gauss and -600 amps, x-rays were detected from a target
deliberately introduced into the plasma. An interaction experiment to detect and observe Alfven
waves is planned.

7-9. MAGNET DIPOLE EXPERIMENT. A device has been fabricated to simulate the magnetic
field of the earth. Plasma flows around the dipole and is trapped in the magnetic vortices, i.e.,
ion density shows up as "islands" in the cusped field. It Is planned to go to a quadrapole
configuration.
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SECTION V.II

EXPERIMENTAL DEVICES AND RESEARCH IN FOREIGN NATIONS

8.3 EXPERIMENTAL DEVICES AND RESEARCH IN THE FEDERAL REPUBLIC OF GERMANY.

8.3.3.3.1 THETA PINCH IN A FIGURE 8 STELLARATOR. The results of investigations of a
theta pinch in a Figure 8 stellarator geometry revealed that plasma equilibrium behavior does
not differ from that of a toroidal geometry stellarator.

8.3.4.1 ELECTRODELESS ACCELERATION OF A PLASMA. Hydrogen plasma injected by an
electrodeless conical plasma gun into a 2 meter long vacuum tube was analyzed with magnetic
probes and loops and with a retarding field spectrometer. At low gas pressure and magnetic
field inside the conical coil, plasma was emitted at the start of the first half-cycle with an axial
ion energy of 0.3 to 2 Key. At higher pressures emission occurred in the second half-cycle
with ion energy of 200 to 400 ev. Trapped magnetic fields occur during the first half-cycle and
are believed to be the cause of delay of emission until the second half-cycle at high pressures.

8-4. EXPERIMENTAL DEVICES AND RESEARCH IN THE UNITED KINGDOM.

8.4.2.1.2 RESULTS. A new method for estimating electron temperature of hydrogen plasma in
the ZETA and CUSPED COMPRESSION devices depends on the temperature variation of the
intensity ratio of the continuum radiation on both sides of the Balmer (ZETA) and Lyman (CUSP)
series. Difficulty encountered in the method was caused by impurity spectural lines, hencethe
accuracy of ZETA measurements was only a few percent for temperatures less than 1050 K.
Reasonably consistent results have been obtained for the Lyman discontinuity by using a window-
less photomultiplier. Efforts to improve the Lyman discontinuity measurements will continue.

8-4.3.2.1 PLASMA BEHAVIOR IN PHOENIX. Lorentz force interactions are observed to vary
with time as the magnetic field increases or decreases on a hydrogen plasma at, e.g.,
6 x 106 cm"3 , 10-6 mm Hg, -25 K gauss and with a confinement of T = I msec. As the
pressure decreases, density increases and a spike of instability occurs. These density bursts
occur as a result of (a) gas puffs and (b) a drop in neutral emissions. Neutral emission can be
correlated to ion density and hence measures fluctuation in the number density of ionized
hydrogen. It is believed that this fluctuation can be correlated to the energy state which is ionized
as the magnetic field increases or decreases past the state. For example, the ionization state
n - 12 is observed in the plasma fringe and n = 10 is observed in the center for a 50 K gauss field.

8-5.1 EXPERIMENTAL DEVICES AND RESEARCH AT CENTRE d ETUDES NUCL9AIRES
FONTENAY-AUX-ROSES.

8-5.3 DECA 1I. Deuterium plasma injected from an electrodeless gun into this mirror machine
moves in a 4 meter long drift space with a 10 to 1 static magnetic field increase. Density
measurements were made with Faraday cups and 4 and 8 mm microwave interferometers.
Transverse energy was determined by measuring the ion flux transmitted through an external
magnetic barrier and ky mingnetic probe. With an optimum magnetic field of -1.5 K gauss 4 on
density was 2.5 x 10t /cm , transverse energy was 340 ev and mean velocity was 3.9 x 10 cm/

* sec. The average plasma pitch angle was a fairly constant 304 over the entire plasma puff.
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